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ABSTRACT Objective: To identify personality traits that distinguish dementia with Lewy bodies (DLB)
from Alzheimer disease (AD). Methods: We examined 290 participants enrolled in a longitudinal study
(nondemented control  34, DLB  128, AD  128) followed to autopsy. As part of the annual
interview with the collateral source, the clinician asked about specific changes in personality, inter-
ests, and drives based on items from the Blessed Dementia Scale (BDS). Statistical analysis was
performed using 2 and Fisher exact tests. Factor analysis was performed to determine underlying
structure and receiver operating characteristic curves assessed the ability for each of three derived
factors to discriminate DLB from AD. Results: The sample was evaluated for a mean of 4.8 visits
(range 1 to 14) with a mean age of 77.6  9.9 years. The participants’ cognitive status ranged from
nondemented (Clinical Dementia Rating [CDR] 0) through all stages of dementia (CDR  0.5). Person-
ality traits that distinguished DLB included diminished emotional responsiveness (p  0.004), relin-
quishing hobbies (p  0.01), growing apathy (p  0.03), and purposeless hyperactivity (p  0.003).
Factor analyses of the BDS revealed a PASSIVE factor (diminished emotional responsiveness, relin-
quished hobbies, growing apathy, and purposeless hyperactivity) explaining 10.4% of variance and
that DLB was more likely to manifest these personality traits than AD (p  0.001). The PASSIVE
factor discriminated DLB from AD (area under the curve  0.61, 95% CI: 0.54 to 0.68, p  0.006).
Any change in personality is associated with the presence of visual hallucinations. Conclusions: Our
results suggest that incorporating a brief, simple inventory of personality traits may improve the iden-
tification of individuals with dementia with Lewy bodies. NEUROLOGY 2007;68:1895–1901
Identifying the earliest features of dementia enables clinicians to implement therapy as soon
as possible and provides patients and families more time to plan for the accompanying pro-
gressive decline. Much effort has focused on the cognitive symptoms of dementia syndromes
such as impairments in memory, visuospatial, attention, and executive function. An alterna-
tive approach to improve early detection is to study noncognitive symptoms such as behav-
ioral and personality changes that may precede diagnosis or occur early in the course of the
dementia.1-3
Alzheimer disease (AD) is the most common form of dementia. While memory impairment
is a common and early cognitive sign of disease onset, AD may be heralded by changes in
mood4,5 and personality.3 Although a number of studies have used longitudinal designs to
examine personality changes after clinical diagnosis,6-8 few have evaluated individuals prior
to dementia onset to determine which personality traits precede the onset of AD. One pro-
spective study reported that personality changes in undiagnosed people predicted dementia
with 2 years follow-up.9 Another recent study evaluated nondemented and demented individ-
uals followed longitudinally, some to autopsy.3 Personality traits described for AD include
neuroticism,10 decreased conscientiousness,11 increased rigidity and egocentricity,8 and coars-
ening of affect,12 although most studies rely on retrospective design to track these changes, a
method limited by systematic biases in personality perception13 and recall bias.
Dementia with Lewy bodies (DLB) is the second most common neurodegenerative cause of
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dementia, characterized by extrapyramidal
signs (EPS), visual hallucinations, and cogni-
tive fluctuations.14,15 There is a paucity of
data available evaluating the personality
characteristics of DLB, or whether such
changes may be used to enhance accurate
clinical diagnosis. We analyzed data from a
longitudinal study that included annual as-
sessments of personality from demented indi-
viduals as well as nondemented individuals,
some of who eventually developed AD or
DLB. Individuals were followed to autopsy
with pathologic confirmation of underlying
dementia etiologies. If personality changes
are early features of dementia syndromes,
perhaps even before the emergence of detect-
able cognitive impairments, then personality
changes may assist clinicians in disease detec-
tion and differentiation in conjunction with
other DLB features.
METHODS Research participants. Beginning in 1979,
over 3,000 individuals have been enrolled in our longitudinal
studies of healthy aging and dementia and over 800 of these
participants have been studied postmortem.16-18 Nondemented
and demented individuals undergo identical annual assess-
ments. For this study, we examined the clinical records of 290
participants (nondemented control  34, DLB  128, AD 
128) followed longitudinally. Because the diagnosis of DLB has
evolved over the course of the longitudinal study, we used the
neuropathologically defined groups for comparison rather than
the clinically defined where the majority of the cases prior to
2000 were diagnosed with dementia of the Alzheimer type. All
cases were reviewed independently by two authors (J.E.G.,
D.J.K.). All normal and DLB cases that came to autopsy were
selected. AD cases were selected from all autopsies performed
after the advent of alpha-synuclein staining (circa 2000) to de-
tect the presence of Lewy bodies, matched to the DLB group for
age, dementia severity, and duration of follow-up. The Wash-
ington University Human Studies Committee approved all
procedures.
Clinical data. Experienced clinicians (neurologists, psychia-
trists, and geriatricians) conducted independent semistructured
interviews with the participant and a knowledgeable collateral
source (usually the spouse or close family member) to capture
features suggestive of a dementing disorder.18,19 The clinical as-
sessment protocol included evaluation of performance in activ-
ities of daily living, an aphasia battery, construction tasks, a
health and medication history to assess for comorbid disease,
and a detailed neurologic examination. The Clinical Dementia
Rating (CDR) was used to determine the presence or absence of
dementia and to stage its severity from nondemented (CDR 0)
to severe dementia (CDR 3).20 The sum of the individual cate-
gory ratings (sum of boxes or SB) provides a quantitative ex-
pansion of the CDR and ranges from 0 (no impairment) to 18
(maximum impairment).17 In our sample, the CDR 0.5 rating
equates with very mild dementia21 and is the threshold to distin-
guish nondemented from demented status. In other samples
CDR 0.5 has been used as the threshold for the diagnosis of
mild cognitive impairment (MCI).22 In both cases the CDR is
useful to detect the change in cognitive abilities from a prior
level of function and also to assess interference with accus-
tomed activities. The validity has been established by correla-
tion with neuropathologic features observed at autopsy.18
Information on the presence of EPS including rest tremor,
bradykinesia, postural instability, and cogwheel rigidity was
coded as present or absent. Abnormalities of gait were also col-
lected as present or absent. There are no standardized measures
of cognitive fluctuation; however, over the course of the longi-
tudinal project, we have collected information regarding fluctu-
ations in onset and course of cognitive impairment. These data
were coded as present or absent.
Personality and behavioral data. As part of the annual
interview with the collateral source, the clinician asked the in-
formant about specific changes in personality, interests, and
drives based on items from the Blessed Dementia Scale (BDS)23:
increased rigidity, increased egocentricity, loss of concern for
feelings of others, coarsening of affect, impaired emotional con-
trol, hilarity in inappropriate situations, diminished emotional
responsiveness, sexual misdemeanor appearing in old age, re-
linquished hobbies, diminished initiative or growing apathy,
and purposeless hyperactivity. Each item was scored by the cli-
nician as present (yes; that change had occurred) or absent (no;
that change had not occurred). Additionally, at each assess-
ment, the informant was queried as to presence or absence of
psychotic features: paranoid or persecutory delusions, and au-
ditory or visual hallucinations.
Neuropathology. All brains were examined with a standard
protocol.24 Following fixation in neutral buffered 10% forma-
lin, tissue blocks were taken from 30 brain regions. Sections (6
m) from paraffin-embedded tissue blocks were stained with
hematoxylin-eosin, Gallyas and modified Bielschowsky silver
stains, and immunohistochemical methods.24 Histologic criteria
for AD were based on several staging paradigms. Quantifica-
tion of diffuse and neuritic amyloid deposition were calculated
in five cortical regions with 10 mm2 microscopic fields in each
region.24 Braak neurofibrillary scores were determined,25 and
the National Institute on Aging (NIA)–Reagan26 neuropatho-
logic probability estimates of AD were performed taking into
account the distribution of neuritic plaques and neurofibrillary
tangles. DLB pathologic diagnoses were made according to
published criteria.14 Cases were screened for Lewy bodies with
antibodies to alpha-synuclein using a semiquantitative grading
of severity of Lewy-related pathology into none, mild, moder-
ate, severe, and very severe.14 Sections were also examined for
the presence of cortical and subcortical infarcts and hemor-
rhages. None of the cases used in these analyses had substantial
vascular burden that was thought to contribute to dementia.
Statistical analysis. Analyses were performed using SPSS
v13.0 statistical software (SPSS Inc., Chicago, IL). Change from
nondemented status (global CDR 0) to dementia (global CDR
 0.5) was the primary outcome measure. The groups were
compared using t tests and analysis of variance (ANOVA) for
quantitative variables and 2 tests of independence for categor-
ical variables. The presence of clinical features associated with
dementia was collected as dichotomous variables (1  symp-
tom present, 0  symptom absent) at baseline and at any time
during annual assessments.
The frequency of these features was compared with 2 and
Fisher exact tests. Three cross-sectional moments were consid-
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ered for the analyses. First, features were compared at the time
of the first clinical assessment, regardless of dementia status.
Second, features were compared at the time of dementia diag-
nosis, corresponding to the time of the first CDR  0.5 (i.e., be
demented). Third, the features were compared if they were ever
present during the course of longitudinal follow-up.
Factor analysis (Varimax rotation) was completed on the
BDS personality traits to determine underlying structure. Fac-
tor extraction was based on both the Kaiser-Guttman rule of
retaining components with eigenvalues greater than one and
inspection of scree plots of eigenvalues vs their ordinal posi-
tions. Although the sample size does not satisfy more conserva-
tive rules of factor analysis,27,28 this sample size satisfies the
subject to variable ratio (10:1) rule of thumb,29 which has been
supported by Monte Carlo studies findings, indicating these ra-
tios are sufficiently powerful to establish preliminary clinical
results when the total sample size is greater than 100.30 Three
factors were identified and factor scores were calculated.
Between-group comparisons of quantitative measures were
conducted using ANOVA. Receiver operator characteristic
(ROC) curves and the area under the ROC curve (AUC) were
generated to reflect graphically and quantitatively the ability of
each of the three factor scores to discriminate between AD and
DLB. Pearson correlations were used to test the strength of as-
sociation between the DLB clinical criteria (EPS, visual halluci-
nations, fluctuation) and the presence of personality traits.
RESULTS Sample characteristics. The mean age
( SD) of the sample was 77.6  9.9 years with
13.3  3.6 years of education. The sample ethnicity
was 93%white and 52%were men. The sample was
evaluated over a mean of 4.8 visits (range 1 to 14).
The participants’ cognitive status ranged from non-
demented (CDR 0) through all stages of dementia
(CDR  0.5). Demographic categories by group are
shown in table 1. Visual hallucinations (p  0.001)
and EPS (p  0.001) were more frequently present in
DLB than AD or nondemented adults (table 1).
Fluctuations were more frequently present in DLB
but did not reach significance (p  0.056).
Comparison of personality and behavioral characteris-
tics between groups. Nondemented vs demented at first
clinical assessment. Demented individuals (AD or
DLB) were more likely to exhibit increased rigidity
(p  0.01), to exhibit impaired emotional control
(p  0.03), to exhibit diminished emotional respon-
siveness (p  0.04), to have relinquished hobbies
(p  0.003), and to have diminished initiative (p 
0.001) (table 2). This suggests that the presence of
these personality features at the first office visit may
give clues to the presence of dementia.
Nondemented vs demented ever present during longitudi-
nal follow-up. Demented individuals (AD or DLB)
displayed many personality and behavioral changes
during the progression of disease compared with in-
dividuals who remained nondemented and were
found to have no dementia pathology at autopsy.
Two personality traits from the BDS showed no dif-
ference between nondemented individuals and those
with AD or DLB: inappropriate hilarity (p  0.24)
and sexual misdemeanor (p  0.29). This suggests
that these personality traits are not prominent fea-
tures of AD or DLB.
DLB vs AD. DLB vs AD at first clinical assessment.
Personality and behavioral traits that were more
frequent in those individuals who had neuropatho-
logically confirmed DLB compared with those with
Table 1 Sample characteristics
Variable Nondemented, n  34 AD, n  128 DLB, n  128 p Value
Age at first visit, y 80.6 (9.9) 78.1 (10.3) 76.4 (9.3) NS
Age at diagnosis, y 84.4 (6.7) 81.8 (10.9) 80.8 (10.4) NS
Age at death, y 91.9 (7.7) 84.4 (10.1) 81.7 (9.4) 0.01
% Men 52.9 44.4 50.4 NS
Education, y 13.2 (4.2) 13.8 (3.5) 12.9 (3.5) NS
Number of assessments 6.5 (7.0) 4.9 (3.9) 4.2 (3.4) NS
CDR at 1st visit 0.07 (0.18) 0.56 (0.47) 0.85 (0.60) 0.001
CDR-SB at 1st visit 0.33 (0.85) 3.0 (2.9) 4.7 (3.7) 0.001
CDR at diagnosis 0.31 (0.26) 0.59 (0.41) 0.79 (0.45) 0.001
CDR-SB at diagnosis 1.2 (1.3) 3.2 (2.7) 4.5 (3.0) 0.001
Extrapyramidal signs, % 11.1 20.8 49.2 0.001
Visual hallucinations, % 2.9 13.3 32.0 0.001
Fluctuations, % 8.3 8.3 17.9 NS
Abnormalities of gait, % 61.5 73.8 76.6 NS
Values are means (SD). For nondemented group, age at diagnosis is taken at cross-sectional moment equal to mean number of vis-
its for demented (AD, DLB) groups.
AD  Alzheimer disease; DLB  dementia with Lewy bodies; CDR  Clinical Dementia Rating; CDR-SB  CDR sum of boxes.
Neurology 68 May 29, 2007 1897
AD included increased egocentricity (p  0.01), loss
of concern for others (p  0.004), diminished emo-
tional responsiveness (p  0.02), relinquished hob-
bies (p  0.02), growing apathy (p  0.02),
purposeless hyperactivity (p  0.009), and the pres-
ence of auditory (p  0.01) and visual hallucina-
tions (p  0.001). These features may provide clues
to support DLB diagnosis at first encounter with the
patient.
DLB vs AD at time of dementia diagnosis/onset.Thena-
ture of our longitudinal study allows us to detect the
onset of dementia in previously nondemented indi-
viduals we have been following. At the time of the
first non-0 CDR, the DLB group was more likely to
exhibit increased egocentricity (p  0.009), loss of
concern for others (p  0.006), and purposeless hy-
peractivity (p  0.02). Auditory (p  0.003) and vi-
sual (p  0.001) hallucinations were also more
common in DLB.
DLB vs AD ever present during longitudinal follow-up.
Over the course of longitudinal follow-up, from
mild stages of dementia (CDR 0.5) until terminal
stages (CDR 3), many personality traits were com-
mon between AD and DLB. Personality traits that
appeared to distinguish DLB included diminished
emotional responsiveness (p  0.004), relinquishing
hobbies (p  0.01), growing apathy (p  0.03), and
purposeless hyperactivity (p  0.003). Behavioral
features included the presence of auditory (p 
0.02) and visual (p  0.001) hallucinations. There
were no differences in the presence of paranoid or
persecutory delusions between AD and DLB.
Discriminating DLB from AD. Principal components
analysis was performed on personality traits from
the BDS if ever present during longitudinal follow-
up. Factor analyses confirmed a three-factor solu-
tion. Factor 1 (termed IRRITABLE), which includes
increased rigidity, egocentricity, loss of concern,
and coarsening affect and impaired emotional con-
trol, explains 32.8% of the variance. Factor 2
(termed PASSIVE), which includes diminished emo-
tional responsiveness, relinquished hobbies, grow-
ing apathy, and purposeless hyperactivity, explains
12.2% of variance. Factor 3 (termed DISINHIB-
ITED) includes inappropriate hilarity and sexual
misdemeanor and explains an additional 10.4% of
the variance. Factor loadings, rotated eigenvalues,
and variances are reported in table 3. The factor
analyses were repeated for the other two cross-
sectional moments (at first visit and at dementia di-
agnosis) and the results were identical.
ANOVA indicated group differences on Factor 2
(PASSIVE) [F(1,254)  10.5, p  0.001], indicating
that DLB was more likely to manifest these person-
ality traits than AD. ROC curves were generated to
measure the effectiveness of each of the three factors
in classifying DLB vs AD (figure). The PASSIVE fac-
tor discriminated DLB from AD (AUC  0.61, 95%
CI: 0.54 to 0.68, p  0.003). The IRRITABLE factor
did not discriminate between DLB and AD (AUC 
0.52, 95% CI: 0.45 to 0.59) and may instead repre-
sent a general dementia personality phenotype. The
DISINHIBITED factor also did not discriminate
Table 2 Presence of personality and behavioral traits by diagnostic category
At first visit At dementia diagnosis Ever present
Variable (%) ND AD DLB p Value ND AD DLB p Value ND AD DLB p Value
Increased rigidity 6.7 24.1 27.0 0.06 12.5 26.1 27.5 0.64 23.5 49.3 54.7 0.005
Increased egocentricity 10.0 12.1 23.8 0.03 12.5 11.9 25.0 0.03 23.5 37.5 44.5 0.07
Loss of concern 3.3 9.8 23.0 0.002 0 10.1 23.3 0.009 11.8 32.4 43.8 0.002
Coarsening of affect 6.7 10.5 7.9 0.69 12.5 11.8 8.3 0.66 11.8 26.5 30.5 0.09
Impaired emotional control 3.3 19.5 18.3 0.09 0 21.0 18.3 0.33 14.7 37.5 47.7 0.002
Inappropriate hilarity 3.3 3.8 7.1 0.43 12.5 4.3 6.7 0.51 5.9 11.8 14.1 0.42
Diminished emotional
responsiveness
3.3 12.2 23.8 0.005 0 13.7 23.3 0.06 8.8 33.1 50.8 0.001
Sexual misdemeanor 0 2.3 5.6 0.19 0 2.6 5.1 0.51 2.9 7.4 8.6 0.53
Hobbies relinquished 6.7 26.5 39.7 0.001 12.5 29.7 38.3 0.16 17.6 55.1 70.3 0.001
Growing apathy 6.7 31.8 46.4 0.001 12.5 35.6 47.1 0.05 17.6 59.6 72.7 0.001
Purposeless hyperactivity 6.7 6.9 17.5 0.02 12.5 7.7 17.5 0.08 8.8 27.2 44.5 0.001
Paranoia 0 8.9 14.3 0.12 0 8.9 14.8 0.25 0 24.3 29.7 0.001
Auditory hallucinations 0 0.8 7.1 0.02 0 0 7.4 0.01 0 8.1 18.0 0.003
Visual hallucinations 5.3 2.4 16.8 0.001 14.3 1.8 16.7 0.001 2.9 14.0 32.0 0.001
ND  nondemented; AD  Alzheimer disease; DLB  dementia with Lewy bodies.
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DLB from AD (AUC  0.52, 95% CI: 0.45 to 0.59)
and was uncommon in either AD or DLB.
Correlation between DLB clinical features and person-
ality changes. Correlation analyses were performed
examining the relationship between the DLB con-
sensus features of EPS, visual hallucinations, and
fluctuations with each of the personality factors
(IRRITABLE, PASSIVE, DISINHIBITED) in the
AD and DLB cases (table 4). Any change in person-
ality correlated strongly with the presence of visual
hallucinations. The PASSIVE traits had the stron-
gest correlation with hallucinations (r  0.24, p 
0.001). The presence of fluctuations correlated with
IRRITABLE traits (r  0.23, p  0.002). The pres-
ence of EPS did not correlate with any of the person-
ality changes. The three personality factors did not
correlate with each other. These relationships also
held true when only the DLB group was considered.
DISCUSSION We found that personality changes in
DLB included diminished emotional responsiveness,
relinquishing hobbies, growing apathy, and pur-
poseless hyperactivity, often accompanied by the
presence of auditory and visual hallucinations. Per-
sonality changes in general and passive traits in
particular correlated with the presence of hallucina-
tions but not with parkinsonism. Fluctuations were
more commonly associated with irritability. These
personality changes may assist in identifying
individuals with DLB, and help discriminate DLB
from AD.
We also found that compared with nondemented
older adults there is a general dementia phenotype
of increased rigidity, increased egocentricity, loss of
concern for the feelings of others, coarsening of af-
fect, and impaired emotional control. These find-
ings are consistent with other studies reporting
personality changes in AD.6-8,12,31 In the absence of
autopsy confirmation, however, it is impossible to
know howmany individuals in these prior studies of
AD personality traits had concurrent Lewy bodies.
As a complementary strategy to using the pres-
ence of cognitive impairments to improve detection
of dementia, studying noncognitive symptoms such
as behavioral and personality changes that can pre-
cede the onset of cognitive symptoms by several
years5 may provide opportunities to make diagnoses
early in the course of the dementia.1-3 This avenue of
research may eventually address how to discrimi-
nate between different types of dementia on the ba-
sis of early personality change. Early, unique
personality change associated with different types
of dementia may improve differential diagnosis.
Personality change has been used to differentiate
frontotemporal dementia from AD at later stages of
the disease32,33 and to differentiate among head in-
jury, stroke, and AD.34 Reports of personality
change in DLB, however, are lacking.
Our study has limitations. Ratings provided
from the BDS, although easily administered, are
coarse and non-quantifiable. Informants indicate
whether change is present or absent; however, there
is no consideration of the degree of change. A struc-
tured and more sophisticated interview such as the
Neuroticism Extroversion Openness—Personality
Inventory (NEO-PI),35-37 Neuropsychiatric Invento-
Table 3 Factor loadings for Blessed Dementia
Rating Scale personality traits
Factors
Variable Irritable Passive Disinhibited
Increased rigidity 0.746
Increased egocentricity 0.808
Loss of concern 0.717
Coarsening of affect 0.576
Impaired emotional control 0.397
Diminished emotional
responsiveness
0.657
Hobbies relinquished 0.803
Growing apathy 0.677
Purposeless hyperactivity 0.452
Hilarity 0.730
Sexual misdemeanor 0.827
Rotated eigenvalues 3.6 1.3 1.1
Explained variance (%) 32.8 12.2 10.4
Extraction method: principal components analysis. Rotation
method: Varimax with Kaiser normalization.
Figure Receiver operator characteristic curves for
personality factors
The receiver operator
characteristic (ROC) curve
comparing the factor scores
of dementia with Lewy
bodies (DLB) and Alzheimer
disease (AD). Three factors
were identified. The area
under the ROC curve for the
PASSIVE factor  0.61
(95% CI: 0.54 to 0.68, p 
0.003), suggesting good
ability to discriminate
between DLB and AD. The
other two factors IRRITABLE
and DISINHIBITED did not
discriminate between DLB
and AD. See text for details
of personality traits included
in each factor.
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ry,38,39 or the BEHAVE-AD40 might yield more de-
tailed and comprehensive information regarding
what facets of personality change first and what de-
gree of change is indicative of dementia. The sample
was not population-based, and thus we cannot di-
rectly compare our findings with epidemiologic
data. Individuals who came to autopsy may differ
from those who did not; however, this sample is
representative of our larger study of over 3,000 indi-
viduals. As with any volunteer sample, there may be
selection biases, thus limiting generalization of the
results. Our sample is largely white, so it is un-
known how these results generalize to other ethnici-
ties. Our convenience sample has demographic
attributes and comorbid disorders that reflect those
of the similarly aged population in the greater St.
Louis metropolitan area.18 It is difficult to accu-
rately capture cognitive fluctuation. Fluctuations
may represent brief interruptions of consciousness,
periods of increased confusion and cognitive im-
pairment, episodes of diminished arousal, or what
seem to be periods of prolonged sleep. Rating scales
have been developed to help assess these fluctua-
tions but many issues are unresolved.41 We therefore
used dichotomous variables to capture informant
reports of fluctuating onset and course of dementia.
Finally, nearly all DLB cases that came to autopsy
had sufficient numbers of senile plaques and neuro-
fibrillary tangles to also meet pathologic criteria for
AD,26 therefore it was impossible to separate the in-
fluence of AD pathology on the DLB personality
phenotype. However, our factor analyses suggest
increased passivity and purposeless, repetitive be-
haviors characterize those individuals with DLB.
The unique aspects of this study relate to the
large number of individuals followed longitudinally
over a long surveillance period (mean 4.8 years)
with prospective collection of personality and be-
havioral data, and autopsy verification of neuropa-
thology. In most office settings, standardized scales
such as the NEO-PI35 are not performed due to
length of time and lack of training. This study ex-
amined whether the presence of personality and be-
havioral features which can be collected during a
routine office visit corresponds with the diagnosis
of DLB and correlates with clinical features. Our
results suggest that incorporating a brief, simple in-
ventory of personality traits such as the contained
within the BDS23 can assist in the identification of
individuals with DLB.
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